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(57) Abstract 

The invention relates to apparatus which includes stimulating electrodes (2, 3) through which electrical signals are applied 
to an extremity of a patient (1). Detecting electrodes (30, 40) are disposed along the patient's spine and on the crown of the pa- 
tient's head. The apparatus also includes signal amplifiers (7, 8), a loudspeaker (9) or the like to which an amplified signal is ap- 
plied for physiological feedback purposes, an A/D-converter and a computer (20). Samples of signals are collected so as to ob- 
tain from the distributed electrodes means value curves from which the transport time of the nerve signals from respective 
extremities can be determined. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 

Spain 
Finland 
France 
Gabon 

United Kingdom 
Guinea 
Greece 
Hungary 
Italy 
Japan 

Democratic People's Republic 
of Korea 

Republic of Korea 
Liechtenstein 
Sri Lanka 
Luxembourg 
Monaco 



AT 


Austria 


ES 
Fl 


AU 


Australia 


BB 


Barbados 


FR 


BE 


Belgium 


CA 


BF 


Burkina Faso 


GB 


BG 


Bulgaria 


GN 


BJ 


Benin 


GR 


BR 


Brazil 


HU 


CA 


Canada 


IT 


CP 


Central African Republic 


JP 


CG 


Congo 


KP 


CH 


Switzerland 


KR 


CI 


C6te d'lvoire 


CM 


Cameroon 


Li 


CS 


Chechoslovakia 


LK 


DE* 


Germany 


LU 


DK 


Denmark 


MC 



MC 


Madagascar 


ML 


Mali 


MN 


Mongolia 


MR 


Mauritania 


MW 


Malawi 


NL 


Netherlands 


NO 


Norway 


PL 


Poland 


RO 


Romania 


SD 


Sudan 


SE 


Sweden 


SN 


Senegal 


SU + 


Soviet Union 


TO 


Chad 


TG 


Togo 


US 


United Stales of America 



+ Any destination of «SU» has effect in the Russian Federation It is not yet known whether 
any such designation has effect in other States of the former Soviet Union. 



WO 92/10134 



PCT/SE91/00822 



Apparatus for Measuring -the Transport Time of 

Nerve Signals 



5 The present invention relates to an apparatus of the 

kind defined in the preamble of Claim 1. 

Such apparatus are known and used for diagnosing certain 
types of nerve damage. For example, it is usual to 

10 apply electrical stimulating pulses to a heel of a 

patient with the patient lying flat on his stomach , and 
to measure the arrival time at the brain cortex, by 
attaching two electrodes to the skin of the crown of the 
patient's head, wherewith in the case of a normal person 

15 a signal of the order of 0.5-3 jif will occur between the 

electrodes after a time lapse of 39.5 ± 3.3 ms from the 
time of administering the stimulating pulses. Although 
this signal contains a fair amount of noise, it is 
possible to obtain a summation signal from which the 

20 .transport time can be determined with the aid of graphic 
methods or the like, by adding together a large number 
of signals. 

Endeavours have also been made to obtain a more complete 
25 picture of the transport of the nerve signals, by posi- 

tioning detectors along the spine, for instance so as to 
ascertain whether or not the function is influenced by 
defects in the spinal column. In this case, however, 
the disturbances which emanate from the muscles and the 
30 heart are muqh more troublesome. In order to eliminate 

these disturbances, incisive methods have been attempt- 
ed, in which electrodes are inserted into the vertebral 
canal • Endeavours to measure the transport time of 
nerve signals have also been made with a combination of 
35 long measuring periods and patient relax periods, in 

which the patient is put to sleep or medicated. These 
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tigations, however, cannot be carried out in poly- 
clinics and are expensive, time consuming and somewhat 
unpleasant for the patient. 

5 The object of the invention is to provide apparatus 

which will enable measurements of this kind to be car- 
ried out and which will also enable the transport time 
of nerve impulses from an extremity of the patient to 
the cortex to be mapped within a short period of time 

10 with the patient normally awake, so as to enable the 
investigation to be carried out in polyclinic facili- 
ties. There is a great need for investigations such as 
these, particularly in the case of patients suffering 
from back trouble and back pains, where it is known at 

15 present that if the patient is put on the sick list and 
does not return to normal or rehabilitates within three 
months, the patient will become permanently unfit for 
work, in up to 90% of the cases involved. A quick diag- 
nosis carried out in a polyclinic within a short space 

20 of time is able to save the majority of these people and 
to return them to a normal life, by treating the pa- 
tients adequately in time. 

The object of the invention is achieved by means of 
25 apparatus of the aforesaid kind having the characteris- 

tic features set forth in the characterizing clause of 
Claim 1. Preferred embodiments of the invention are 
defined in the depending Claims. 

30 The most important problem solved by means of the pre- 
sent invention pertains to the signal to noise ratio in 
its widest meaning. Firstly, the signals are very small 
and are therefore subjected to normal noise. Secondly, 
artifacts exist, i.e. disturbances in the form of muscle 

35 impulses for instance, EMG, which can reach up to ± 500 

and impulses deriving from cardiac activity, ECG, 



WO 92/10134 



PCT/SE91/00822 



3 

which can reach up to ± 2000 \W, which shall be compared 
with the useful signals having an order of magnitude of 
only some \W. 

5 These problems are far less troublesome when the signals 

are detected with the aid of electrodes placed on the 
crown of the patient's head, since only smaller arti- 
facts are caused by the spontaneous activity of the 
cerebral cortex, EG, and to some extent by eye 
10 movements . 

According to the present invention, in addition to the 
electrodes placed on the patient's crown, electrodes can 
also be placed along the patient's spine so as to record 
15 simultaneously response curves at different locations, 

e.g. from 4 to 9 or more spinal locations. 

The aforesaid problem is solved in accordance with the 
invention through a combination of two different fea- 

20 tures, namely by reducing the "muscle signals" as a 

result of making such signals audible to the patient 
through a loudspeaker (or through earphones or by visi- 
bilizing said signals), so that the patient himself is 
able to reduce these signals and relax through an adap- 

25 tive feedback, and by an effective weeding of the 

signals with the aid of an appropriate algorithm so that 
only those signal sequences which appear to be rela- 
tively undisturbed are recorded and summated to provide 
mean curves. 

30 

Another difficulty is encountered when wishing to make a 
comparitive investigation between the left and the right 
side of a patient. In conventional methods, first the 
one side is investigated and then the other. The result 
35 is often unreliable, because of variations in excitabil- 

ity within the central nervous system. 
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Consequently, in accordance with one preferred embodi- 
ment of the invention, two sets of stimulating elec- 
trodes are attached to respective extremities, generally 
to the patient's heels, and activated alternately, the 
storage and processing of the resultant signals being 
effected in separate memory stores. It is suitable to 
activate the right extremity each alternate time and to 
activate the left extremity at times therebetween. In 
many cases, it may be suitable to attach one set of 
electrodes to a leg of the patient and the other set to 
an arm . 



The invention will now be described in more detail on 
the basis of a non-limiting exemplifying embodiment 
15 thereof. 

Figure 1- illustrates schematically an inventive appara- 
tus connected to a patient. 

20 Figure 2 illustrates a single recording of the nerve 
reaction as detected on the spine and on the crown of 
the patient over a period of 100 ms subsequent to ad- 
ministering a stimulating pulse. 

25 Figure 3 illustrates mean value curves recorded at the 

same points as in Figure 1, although subsequent to 
establishing the mean value of 157 and 38 accepted 
recordings respectively. 

30 Figure 4 illustrates the results obtained with complete 
measurement of the left side and the right side of a 
patient, recorded over a time of 15 minutes. 

Figure 1 is a block schematic which illustrates the 
35 principal construction of the exemplifying inventive 
apparatus. Some of the blocks shown denote functions 
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which are carried out in a computer 20 , and consequently 
the Figure shall be read partially as a flowsheet. 

A patient 1 lies flat on his stomach on a bed or like 
support surface, as comfortably as possible. Pairs of 
electrodes 2, 3 are attached conductively to the skin on 
the patient's heels. Similar electrodes are attached at 
30 along the patient's spine and at 40 on the crown of 
the patient's head. 



Connected to the electrodes 2, 3 are electric stimula- 
tors 4, 5, which may be of a conventional kind capable 
of delivering voltage pulses that can be adjusted be- 
tween 100-200 V with durations of 0.1-0.5 ms, or current 

15 pulses of 0-40 mA of the same durations. The stimula- 

tors are controlled by the computer 20 so as to deliver 
stimulation pulses at a pulse rate of 2-5 Hz. There are 
produced in this way nerve signals which pass up through 
the legs, into the nerve paths of the spinal cord and up 

20 to the cortex. When arriving at respective locations 

along the spine, small potential variations in the skin 
occur, which can be detected successively via respective 
electrodes 30 and finally from the cortex through the 
electrodes 40. The electrodes 30 and 40 are connected, 

25 via earth screened conductor pairs, to an insulated 

preamplifier 7 and a following final amplifier 8 with 
filters and variable amplification which is either 
adjusted manually or adjusted to suitable amplification 
levels by means of the computer, so as to obtain a range 

30 suitable for receipt by a multiplex-operating A/D- 

converter. This converter may be a conventional 12 -bit 
converter capable of detecting in time-multiplex all of 
the amplified signals, each having a sampling frequency 
of 2 kHz. Sampling begins at each stimulator pulse and 

35 has a duration of 100 ms, so as to obtain for each 

"simultaneously 0 measured electrode a time-series of 200 
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Figure 1 also illustrates schematically the manner in 
which one of the signals arriving from the final ampli- 
5 fiers can be selected with the aid of an adjustable 

channel selector 10. This selected signal can be ob- 
served with the aid of a conventional oscilloscope 11 
and passed to a loudspeaker 9, so that the patient is 
able to hear his own signals. Since muscle activations 

10 result in disturbances which dominate over the nerve 

signals, it is possible, by auditive feedback, to induce 
a concentrated patient to reduce this muscle activity, 
despite the fact that this muscle activity is not fully 
conscious or subjectively will-controlled. This is a 

15 surprisingly effective mechanism which contributes 
greatly to the good effect achieved by the present 
invention. 

The output signals from the final amplifier 8 are passed 
20 to the A/D-converter where said signals are sampled. 

The sampled signals are selected with the aid of the 
computer 20, here drawn in the form of a box 13 and the 
mean values of the signals are formed in the box 14, and 
the results are successively displayed graphically on a 
25 screen 15. The boxes 6, 12, 13, 14 an 15 actually 

denote operations carried out by the computer, and 
consequently Figure 1 should be seen partially as a 
flowsheet explaining the connection between the elec- 
trodes affixed to the patient and the measuring process- 
30 es carried out. 

The recorded measurements are processed in the following 
manner, in accordance with a computer program: 

35 (1) Those series which present at least one value for 

which the A/D-converter has become saturated ( "all 
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ones " ) are re j ec ted • 

(2) In order to obtain a first characteristic quality 
factor, or merit factor, there is calculated for respec- 

5 tive series the sum of the absolute values of the dif- 
ferences between pairs of adjacent values, e.g. values 
having a mutual order difference of 4: 

A = ElXi - X ± _ 4 | 4 <i *200 

10 

(3) In order to obtain a second characteristic quality 
factor, there is calculated in the same way the sum of 
the differences between pairs which lie at a greater 
distance apart, e.g. 40 units: 

15 

B - S| X ± - Xj^ol 40*L<200 

(4) In order to obtain a third characteristic quality 
factor, there is first calculated the maximum difference 

20 between two values separated by 4 samplings: 

C = max|X ± - X ± _ 4 | 4*1*200 

In a first stage, 100 such series are recorded, for 
25 instance for each measuring signal which has not been 

rejected in accordance with (1) above. Thus, 100 value 
triads are obtained for these series. These can be seen 
as a shower of points in three-dimensional space laid in 
a space quadrant. These value triads are used to calcu- 
30 late a final criterion consisting of three numbers, such 
that, e.g., 25% of the 100 value triads satisfy this 
final criterion. For example, it is possible to calcu- 
late the mean value of each quality factor and to calcu- 
late the percentage thereof required for said rejection 
35 to be set to 25% 
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The actual measuring series begins when the first 100 
series have been recorded and the triads stored. For 
each new measurement series of 200 values, the value 
triads are calculated and compared with the final cri- 
terion. If this criterion is satisfied by all three 
values, each of the 200 values is stored in its respec- 
tive memory. Thus, successive accepted values are added 
together and ultimately there are obtained 200 mean 
values which when plotted form a curve which becomes 
progressively better and free from noise. 



At the same time, the new value triad is recorded, while 
the first recorded value triad is discarded and a new 
final criterion is calculated. Thus, the final criteri- 
15 on is calculated in accordance with what can be called a 
iterative process which is adapted to prevailing condi- 
tions . 

Figure 1 illustrates these operations schematically in 
20 * the box 13, where selection and triad storage takes 
place, whereas the accepted series are stored during 
successive formation of mean values in the box 14. The 
mean values of the curves can then be viewed successive- 
ly on a screen in the box 15, and when the curves are 
25 considered satisfactory, the measuring process can be 
interrupted and the result printed out. Thus, curves 
are obtained from several locations along the path 
travelled by. the nerve signal to the cortex. 

30 The following procedure is taken for eliminating noise 
and artifacts: 

a) Slow variations are already eliminated in the final 
amplifier 8, through a high pass filter, e.g. a RC- 
35 filter having a limit frequency of 0.5 Hz. 
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b) When the A/D-converter bottoms , the whole of the 
series being recorded at that time is rejected. 

c) Series having an excessively high frequency content 
5 are eliminated by the quality factor A. 

d) Series having excessive slow variations are elimi- 
nated by the quality factor B. 

10 e) Series with a large number of pronounced variations 
are eliminated by the quality factor C. 

These rejection criteria can be varied in many ways. 
What is essential is that each individual value array is 
15 subjected to variation criteria and either accepted or 

rejected as a whole, whereas the accepted values are 
summated point by point to obtain the mean values . 

With regard to the aforesaid adaptive, auditive feed- 
20 back, this is effected by passing one of the signals 

most subjected to muscle disturbances, thus a signal 
obtained from a pair of the electrodes 30, suitably 
amplified, to a loudspeaker 9, through a channel selec- 
tor 10. The same signal can also be sent to an oscillo- 
25 scope 11, for visual monitoring purposes. In certain 

cases, instead of using a loudspeaker, it may be more 
appropriate to use headphones worn by the patient. In 
the case of deaf people, it is suitable to position the 
oscilloscope 11 so that it can be seen by the patient. 
30 It has been found that, in general, the patient is able 

to lie still over at least prolonged periods, so as to 
practically eliminate muscle disturbances as a distur- 
bance source, especially in combination with the afore- 
said disturbance elimination. 



35 



Figure 2 illustrates curves which are representative of 
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single recordings from one single stimulant, the upper 
curve being the curved obtained through the electrodes 
attached to the crown of the patient's head and the 
lower curve being the curve obtained with the electrodes 
5 attached to the patient's spine. Particular note should 
be paid to the mains disturbance of 50 Hz shown in the 
upper curve. The lower curve is greatly disturbed. 

Figure 3 illustrates an early result obtained when 
10 practicing the invention. The upper curve shows a mean 

value obtained with the crown electrodes and the lower 
curve shows a mean value for the spine electrodes. In 
the former case, the curve indicates the mean value of 
157 individual recordings, whereas the lower curve 
15 indicates the mean value of only 38 recordings made 

during the same time period. Thus, as would be expect- 
ed, the rejection is much greater in the case of the 
spine signals, where the artifact frequency is high. 

20 Figure 4 shows an example of an end result obtained when 

stimulating the right and the left legs of a male adult 
aged 20 years and having a height of 180 cm. In addi- 
tion to crown electrodes, the uppermost curves, signals 
have been recorded from six different pairs of elec- 

25 trodes distributed along the patient's spine. The so- 
called latency, i.e. the time lapse from the time of 
stimulation to the time of receiving the signal has been 
measured primarily with respect to signal maximum, 
although with regard to the cortex also the more conven- 

30 tional minimum-based signal. The conventionally defined 
latency of 38 ms for the left side of the patient is 
normal for a person of that height, whereas the latency 
on the right side of the patient, 41 ms, shows an abnor- 
mal asymmetry. In accordance with the invention, other 

35 information is obtained in addition to the information 

gained from this result. It is seen that the latencies 
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of the spine signals for each pair on mutually opposite 
sides are similar, and consequently it 

is possible to exclude nerve damage downstream of these 
positions . 

5 

It is also of interest to note from a mathematical 
aspect that of all the thousands of curves accepted for 
the cortex in some cases less than one-third have been 
found acceptable in the upper part of the spine, whereas 
10 the conditions are improved closer to the end of the 

spine. It will also be noted that it has been possible 
to record this set of curves in less than fifteen min- 
utes . 
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Claims 

1. Apparatus for measuring the transport time of nerve 
signals, the so-called latency , with an electrical 
5 stimulance source intended for connection to an extrem- 

ity of a patient , said apparatus including one or more 
electrodes for attachment to the patient's skin, ampli- 
fying means for amplifying electrical signals detected 
from respective electrodes and excited by said stimu- 
10 lance source, and means for collecting and adding ampli- 

fied signal sequences, each sequence commencing in 
dependence on a simultaneous signal collected from the 
stimulance source and having an electrical stimulance 
which acts on said extremity, characterized 
15 by a plurality of electrode-pairs, each connected to a 

respective amplifying means and the output signals of 
which are applied to an A/D-converter through the 
control of a computer to which the stimulant-simulta- 
neous signals are also applied; means for sampling in 
20 time-multiplex through the A/D-converter and storing the 

output signals of said amplifying means in a memory 
store as numerical sequences at specific time points 
calculated from respective stimulant-simultaneous sig- 
nals; means for weeding-out numerical sequences which 
25 have a short time variation on average, a longer time 

variation on average and/or an absolute variation over a 
short time, which exceed quality factors calculated from 
earlier recorded number sequences; means for summating 
numbers in number sequences that remain subsequent to 
30 said number-sequence weeding process and determining the 

mean values for those numbers which correspond to each 
of said specific time points, and means for signalling 
the output signals of said amplifying means to the 
patient's consciousness and awareness. 



35 
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2. Apparatus according to Claim 1, charac- 
terized in that the means for signalling to the 
patient's consciousness include a sound generator , such 
as a loudspeaker or headphones. 

5 

3. Apparatus according to Claim 1, charac- 
terized in that the means for signalling to the 
patient's consciousness include an image generator , such 
as an oscilloscope. 

10 

4. Apparatus according to Claim 1, charac- 
terized in that the electrode pairs include an 
electrode pair which is adapted for attachment to the 
crown of the patient's head, and from 4 to 9 electrodes 

15 for attachment along the patient's spine. 

5. Apparatus according to Claim 1, charac- 
terized in that the apparatus includes two elec- 
trical stimulance sources for attachment to two body 

20 extremities; means for alternately applying electrical 

stimulance thereto; and means for recording and storing 
separately the output signals of said amplifying means 
in accordance with their dependency on the stimulance of 
one or the other of said body extremities. 
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